Yy \ﬁ}’
b | ‘l’% ' ;
I C ;

C WORKING MATERIAL
1 f for the lectures of
| Stanley S8S. Wainer

Computability -
Logical and Recursive Complexity

- DTIC

ELECTE
0CT.3 11389

! - ot
N - e w e - - N = -

International Summer School

AD-A213 963

~

on

LOGIC, ALGEBRA ANC COMPUTATION

Marktoberdorf, Germany, July 25 - Auguat 6, 1989

("~ DISYRIBUTI

wumm
Distribution Ualimited

80 16 27 029

Thin Summer School Is organlzed under the auspices of the Technische Universitit Mun-
chen and 18 aponaored by the NATO Scierce Commitee aa part of the W88 Advawced

Study Inatitutes programme, partial support for the conference wax provided by the
Furopean Research Office and the Nutlonal Sclence Foundalion and by various tndusictal

companiesn,




Y

Q)

Conrrerfindihod, -
vax{md etk e pwriiane Cvm@uﬁ&k

St Wovare (Luhe VY

I\\\f‘ﬂ) K)W\&NW’V\

T Xnain U‘&Qdu\‘n Dok wwwmﬂg [ T rIVS

w e M‘h W\«V\l &N\)\?w—wﬁ PV VWS
vl (o] T Kvvmdiont) . The wavin. Srawe
V) \7\,1 dM-! A .\A/\kx'tr'\\ V‘QQ WW\MM V\WWJM/:—
Pt MM: “CWM\\N e kwxxwi
bf/v»\\z.hxx)@& \/‘Q(3 M 'QW\MN\D\\i U()‘M"’Q: " o |
\Inernn vin nfA \wvw%r_ A MMM\.\\ T B
cf‘kwv& wduead lmxw N'W WMM&'\L\?’
e eanw Ve 4950 NWARS

3
wu&h\ OPAMAL By it \w

S

VS vx)wvx,.' M\'\)&"\\M— AN
vwwmtv@'xw: (Ac\. n el wly LA Oy
e gl ey o wempreny acd of
Rpwmdiin weloind oy eemparde - e’y ¢

Nuke Whok we oe soneeeneeh e sileby wid




- -

WW\MVJPL (1. . o ing ) sammednte - Ubovekie %\N\xtt\)w\%
5. Nh — N
whive N = $0,1,2.2,... .K.O%ww\ru ow«\wm\'w
\ Gg/vww\’_ Ve NN N@N“\ ek u% donln -
&VVMJVWNA . Ak owvxw%d«\tu N w "\B Lrovin
Q(V“WV\C}\MX\M\O\& \}MW\AL& ke Yaonew v vk owde
LA dendorguh vk e Wekove Lerk Wnakentz
Yo Wandtnctww %\k}\um MM%WW\M&N\TW ‘ohmw&
Wi MM

et b\\w\\ U‘KQ(\::MNMW , Gy W W\em&lm
araaovech 1 dwaadk WMM& ‘.
NWNM\:\W ’MW&«\V\)C V‘va!;nm
w\zuwk " SGW\L\Q%" MNNM&«M;VJ\W

T “&%WV"VA we s cr\ WV\MMO\“M“
NNLUAMAMUAN Mt W "o Mz, D
et R e
YXL%\-N\L WL WA ‘QIW\‘M w&\wlw\mkvvw%
spurid wv\u&mﬁmww\w,mw}\\?v
c)\i\mvwivxhif ‘d&wwvg\ v NV WV\N\)\KM YRS R
e \(\gc\m\\rh We v\&/wb\l\«\lj/«}\\w \ervew %\&*wm
vt w B S0 WV\&AAhA\ .
SR AU gmﬁxﬁwm@
QXM/MXWA Y \LUAAIARE MM( NYURYS RV
e odelioy MW\M; - o) Antovito wdhinee

e T e o Y S
«A“w.wwm MW: R TS 3 M\\u L £ :&1 \




N . my —-

o T ag——

-~ -
bTiC

§1. ?‘(W Mg ok @ﬂv—% g, INsPEOTED

4

Y\WVV\M/{ Mw AUV v - & %V‘N\X\W\ w o
o - el T - o V‘;{W MW&M{% e Jl\c.wm

Vw‘xm\'.x "30«/\5\&'\/\\&% R (x vQ

wiane R (5 VB\ W \ANAAL) e ))‘vvt)( Gk e
UN\\\N\Ak Vﬁ w WVN&}\&“ \(*XV\VA}\ A% \%‘q vw(uwk o,

PRV PP WY W (X\< ( \
SM\M Y odoomne MV&N&S
v»\uvxk e N, Phe VO Conn \k

ub P Loy M\X\v\k R (o, P("’\ w\mw.

NQ)Q\%O\)KV\NWW:&XL

%\}\/\/v\t)vw»\& v.e

Qw.af.w»d Heoas r)w-ba n dw

SRR TNING

Qe imn 2. How tve we va\\)«\l/x/xu L AALI L AN J—
S)(vw\ W&W&Mwwﬁﬁwmw T

-\.ﬂwx“v\k\w\ (\(N\M.X Qwﬂw\& Mas  Tobewls . ).

W\P%( WV \)\N YX\W\M
Z‘ Imv\wm W U Lv(\\*)«\mu P 2\(\,\M 0
NRWMAE A0S Codon

dlor -

Rathue ‘D\\W\A. OW\M/‘\A% VN WW\\Q.\.Lb. WV‘\ U’% do 2 ;1‘,:

[A-1]




- e,

- -

QA ekl ek | we doodd ety vwdheoke
At m«r%\x\»wxw e \N\«M\/K\;\A%l}(
W vt X\:‘/\\iJ\.\U\:\SAA\AV\{JL\‘M\AﬁlWI pwb)» V\mﬂ
CRANAIO A L 1S R YRV YIRS WAV T/ -
e o ol e ik W SR PV ey

Frrek wee ek daaidee S Mu 3% -Tadudion,
AY o uncKndae Mﬂwﬂ\ Q‘ W—WVMN
W TNV RV IV W Q(vww ek
W PWAA Dy WO (U -
iy Ao o Ape g

We divvre ok u}kc& %vvwv&un A LRC ﬁawkmg
Wone | dek w opanend S saka o 9\%\,&&:
V= §$680, 8, ... B o A= i8R, Rl de
wnludine ooy Loy (Bg or By o . ae R
e . T ('J:/\Aaxh —Q(VW\\J&M CNRV \/Q)\Mv&t&\b&k
wid, e Mo@ﬂw« o 1%t ek we odrow
ik 1,30 W e w ot M\n}\bwv\\(h\w &
Thwe T8 daads doe 70 5RT andd B8 ¢

3 PN ;\(W AysRyu dcd <.

“\LMWQV‘\QPAWWM-QVM&O'
MW%, ,1,,,.MWW\M

) _Lmv\ej\/:w&\'w n—% % Weﬁ\b\.\

A o S (Q(vxr AL 20 o ) T w\avdhvﬂ.\wr.

T\\LMW\Qv&NMJMW "

AN

Ut Vo Ik poinet s R ok oo gl b R

. - . . = e




S s W N i.\twwﬂ " ch%mmk gv;gvvv\&c:&

wamnry De \\’\ cw\ W ¢ T 7R = R ,IRER,
-r(Qu\K\- 7‘\\"'@ L, TIAVRY = 7(\:\1@ T3> = Va7,

v\/xi'ﬂxv.‘\w\(alw \AMVMMMV\A
(A > R) = {79\ Ry .

FV\M QQMQ (\Y\UNW\L\_V& Wnt

l;WV"X\W\l W ¢ 7,078 A e A G ux(}w\'&j
(—\WVX\VV\L&&MAX MW'W\(' FoA s A wa

o0 o) pviens Quowadng dikininegy st o ke
W QXXJW\LN&(‘NVWA\(‘QXV\KI—\ Foe tvmipde | Qo
M\N\L \Ae \N&N\k\/w\ p\(x W, 1\ =~“'n+\%=1“w~e
Wk temad

T, R( 'x,O,‘)«\
v E(X,vk , R (o, Su . Sz)
T -(sx(wv\z\ Q(-x,\:\-z.\ z=17'
ANV U’\)\*L}w\mﬂw VS YT rr“ Yt

\:,ZI’X“M'& N

N T AR L R T A and TR
W =T ARl R A w TR
SO N \~;',m@_%mww_
D E T 3860 A F T AW -t T b

Cue) v U YR S




Tw T_V\J\\I\/\)\XW W\&ﬂ

P A L T S R g

(Ted) T A6 J:s T A o T 786 A5
u.r\\m NERUNRVTE S {(\(\U \W\/NO\L-L w V7
Thw Ty 'J:k 20(‘IV\:>\,M&X\;M\ iou W tiwed ot

ik LWUV\X \t\—f\/\h,a w e c\k‘fﬂ\/\&_‘ s '\}\"{, \{\‘\:\}QU“K
NI VTS YVISRERVEREVEPS vV V7 G v 9\\(—“*&\4 wok Gy N\&

WV\XV\A Ay Ak M\ﬁ ¥ SCVIIE 9w 3- %W‘W\;

)(W LAhvn ALY = av&(‘{(u)\?\\)

N vans W \(\W\M u.k V\\{! \k‘t *R\'/\P’Y\V\l :Mw\ , L)C Wi
wivee W e T W el e -

M\QMLL WAL e \w\n\r& W TN Twdwivm | d&
N “ﬁ’"""k"u")"‘w
Vx _AVB P\(?‘ "'\(5\

T 0wk w 3% - Q‘wwv\w&vu NP v& Wee Wt

wk VM Q(\AW‘V Hovotwes K v o i o U
Jet i Mv\g\ﬁ oAl W i wnd vt st
sz Yk X'\I\M\ Ay \(\m% v“lv U Vo AGY  we

v ek @ \(r\(w& t{\k VLAl v dewg ™
i ARV 'V\V‘)(, NN ‘\(NL WQJ\NV\.V\X\X.( A VY AL

Thand e Q(Ww . Mow&«& H(Lu},k\‘,\,“);;w W“&

VWY LW PIRLTISY SV \(yvvy{ d& :
QV\OR(X,V}S\

woith s o e veeiadole




-7~

Now whok woa Y %N\o\!\whm\gw vx\\gw'vwv}&

3\:}; R('x,vh\ r‘:
v cedad Wovre W ove - vande , o o
Tr v Rom - o e -l We Mcm

ACYYVIRY U omate Vo wovandur | Yok e dowk
MM%WWW’L WVQ& Q‘

Tw QMAL WL W t/y\_\\M m\_vkwwd (0600\1—
dneeaked ) M ol

3\% R(X'VB\

Y e \(\N‘AU VM T W ) L
LN \_/N‘(;“’:;WM}( l L’\M\\M‘Lﬁ . W&

POy &= (....)
whod !U\XNL\.)QA A Mmﬂw :

The 1- wnte
3\% Q\bn,\%\

E

R t6o) tront W t

Heowt | e Wt sansy, Tamne adiee evhad s R
Jov pwk >, so \X}WWM&mﬁ% .

Astw»k. JE — t0




-%-

The Todudiinn - oovte

ApRGw
f /
dug RO, Vg 7RGy, Aq ROt w
| b ]
R0, t,) TROGuw) , Ay RO 1,w)

3
‘IR('x,vé\ , R (a1 ,t‘(X,\kﬂ

Fywm Aeia WWM%MVW Trenn 1, l(w
W Lrovt sar | e G Awe SMMALALON COUAL
R owk > ! Tww WM—&A PNV o Mowz

Remive Reswtion.  ploy <= £,
\obu-'\ = tq(",‘?(x‘\

The CnX-omte

3\% R(x ’VK\

C ,-AVXR(ﬂ,mB 7C ,EVAR(-x,\@

Tw \(ywirﬁ\lm\(\m w Yok A omk- W
Wy M WV‘lI“\\;V‘WV\XVA QA/W\(L\ML MJ’Q(VV\:MWN SVM)«

I




_9-
wwim W v Sovethesan evalnok \)(AWM\LLAL\)C\(\
?WV‘\MW‘Q Wv\\go&v\\ s W o At b

Lk E Lovivaodaom Themew (Genlzenm ... )
T\\u%%\ we  vovaevk Y PV S PR VAW wvv\\f\hm M
\'(LMNQ‘(’W ’Z:-TV\MM\,M A U&wow\(\ k-

A e RN TV Iy W ey B
T R

Qo st Ytn vt ak Wt omaik | Thiae vt
Vs Mk Ve u\n}c&(vwv\m}m t\\m\}u%vww\

C= 32,2
Thre QA N W\‘(m“ Wy Mud}h WrYg Y
whad dee JdE - and Snconede o) owe G- ped,
ch‘ ‘:\V\Rh,v@ voadeh vt adronk

Swl - uman 4

A, RGen)
d2Q6x, 1), Ay Rlxw) Vz 7Q0x,2), ARG,
- ~ Y
31 Q(’(,’l\ . R (x ,t.(")\ 7 Q¢ ,2) , H%Q(x'va)

d | i

Q("‘,’Q(x)\ , R(u,‘fo(—x\\ 7 Q5 ) R (% ,'tl('x,t\\

Twve e B Do £,60 wilatsay B ok x |




- 40~

V\w&\\& V'V 3 (“N\/&W»\o& 2= ta) B Wew tale )
wihaaats R, o dhar 060 %m}\lo\?\: WAl QU

me\,\\}\)&tho(x\ wlsae R T e W
R :

UU»\MWV\»\X PLO &= ;Jv QG t Go) _an_e/_m{z(x,t,(xs3
\L—‘— to(")

N ]

Tt w \uu!\-«lf‘\a Yok EV\Q(I,Q\ w\wb&\k Sre w tiohe -
ook e o Aok Ik ol Vhak
A% VEYN N 'NAUNRY Mx\hv\.ka o o M oJ{’

€ = Az Q6,2 .
Tw T ML W WAL AL QV\QXWAXANJ.V\Q ok

o VET(rvm (wy &= (...) QW»\,V\Q}L%WR\:&-

MMW C “w» Q\LNWQ)\V\QXI\UA\ ermo\\.

Ay RGew)d
1z Qlx,2) Vz 7Q0x,2) , Jn RO, w)
l v“a
Q(x,a\{(xﬁ v Q(x;d , R Lt ,2))

Feome dvt lnotome we e\e ok Yo NV

%W\Q%Ltm. ‘J(x\% t(x,ov(xs\




CWOMWV“V\
TWL atn - W\x/\w e ot B evmanan %W\\JMW\

W ek mdwdrlmx LM\M w24 Twdwfion .

P\\Xfm:\m\/\é NS WOW TV - Twdwddiow 7 RN &
iy - oty oh PR e whavd Ve Tondhwadon, vade
% wawididh Vo TU - Qovwandie |
oo e W weilae towd Q/VW\MV\KIW\«V\Q Wit \r{b\\v‘
't \/V\Ug/\lﬁ Lk u“k M e ?

T Mwafvnfonm
Saperer § v Ewmwm s ok
Tt ('x,v\é,-l.\ WL Z = %x(v@ = &—o,..og—(v&\.
We tmm MMwne v gans PV 0V (W%
V"’"’Es Az Thla,w 2) -
)(‘va\ e Q\NM% TUS - Wewaliane ‘(A.Nw-%:

W V"Zs Az Tt (2 ,%,,2)
v

\'/% Az Tt (x ,Vk,"l.}

Vvaal It (0,\% _7-\ a\’aVz ﬂt(""’\,’“\ ’V\ﬁaz T s 'vk'ﬂ
\ 4 EYR 4
12 Tt (0,\8,13 Vz 1Tt (o t, ,2), Az -S_t()u\,v&,l)

i J:

Tto,9 t,) TIEGx 7Y, T (et w 1)




-4~

To m@hww%%wm“— vi W W
Mwu Wt Lo e, ta to Yk %m%\n&&t

Ik(o,v\,‘h\
T, ¥y, 2 — It(xﬂ,x,’tﬂ_

O%«rx‘w\nlvk to hiv W e Ve W "w t W &o(vk\wa.
Zut Pave owve T \{LA:HLLL Wt w{) devarn g (&,
U\él\r:\/\\% o o W NWMAX SVKV\\‘/\«QMIM}\ Pt
. Qeover t,‘=v\° wad e £, 2 iy

Th niendadk WOV v Ptre Pt Tordivedh

Pl
\’(**"’Vb\ — S’(‘)(x,v@\

At o » n wm\dq_ \(rmww' AR toranoe K
b m&mvwkvh\\o\w IV W ww 8- Teduct.

T Qoo t, 22 ondh W £ 2 Sy

T ex ok LA AR v woew T e line:

p(o,v@ &
“)(l&-1 N — ‘(:(x , g’(\'@\

wa#-O qx_n = -1 W= &(v@ "')L)‘.




—13~

TW W ww T g 9% QENVEYVPRRVWRA
Yok Wt m thmo\t,_e z  Tww weowb
ok we ok Y Q}.\M\V\L t, _Q‘vm Vi W &-(v&\ T
\ngrw\m—&‘_ wwad v onds (Xt $ Q(wb\pe

ww“wd \QM*Q\NN\M vy - A wowunta Mog«\t wl)
et At risr Feak e e T e Yok
.Wo\m\l “w MW\LJ\ PWRTNTY Vv KX\M,QN\

f e ine Ve e emde . he, Qg ol

W3z (pley) = 2)

wesh Yoo Wiy ndls M Wt Wive b Thawa
TC - Tedmdine wine animd va)tk\
Vowdd, - e s aanre l\N‘L\L. -WW,MW
NS VIV VAR VNI (A .

Thw TU- Tedmdin w0 o Wu.%\,xl Q(vwwwwln \0\‘ ”

L SOANGNYN e O 0 ¢ x(vw«\ e T w2t -
WA 0V w&m& - i/w\u\ e m e veliare

N Pown. Rec. - % Tnd. »
Wiide-Lowrp To-Twd.

d{)‘ckt Mowm)&m NI TINRVNV Y VY
ek L daee T3 W TG »

e Wre W &ﬁ\,wq.‘vv' Yr LL)‘
etk %ww‘% my&.\m\% \“kv:: Nt v -

m\’WV\

Lot

Twe
Ve

3




-t -

32, TMmo\xw\oA Reuegiome & Wl Foundtduneas.

"Retmntitn on tee vrioaddle o” o Yhe Ao o o
ﬁ\m&ﬁx‘n\.\ whne  §la %) e T cr'\) T RSV VP
&-(‘3(0\.70, S0 ) VSN, pla, > VSRV [V RN VN T 2 N
Wt}uw cr%m. For Yt Wameain T Uneeneode
VXY o _

o, pla o, \s(?(o\.ﬂ,sm) s ?( (\:(u_x\,s(x)\,s"(m),_
vk T WK e u\%xm Qcmw NN Nia
e, waaeet Sl ‘Q\ww\ Ve @-‘%UMMM .
P oot W i W V\:\dlmwwvm\?b\kl\,
w ek o e WG] Ve, w\)\s\u}uw»ws‘
s SNy AVYNEY¥VAVS Yot tdrtr Wk | e, w= o,

Foe 'U\:-t \(N&)\L(,QMW.\ ‘% »\N, ‘ (\\mu wdd—\
A emde pln, P-LM\MMW

ww\l/N
®, Wi wer 20 < w . Tha ocvthineoed et
Z\Qf\ii \‘rgﬂ noe Vi &m:ﬁﬁk\w \(/vemw\:' (‘L&\

\Mﬂ\v\k ~OnL NN u-\] W‘M\(LXL)LM v\\ Xt UWe R

Twang v c/wmcd WV\A mv:kl\'/sm\h \7\& QA%W»«)C\W& :

Sl . TNk ok WA NIy wwai e ele,das

LT w u&o Nusnc? Polas P (m AU
et

MJI(N ek % wdve B0 = elw, .

24 'D&%vw\kwv\ a ML%MWM CLANMAR %x\mt‘v\m
(WFERE) v o Yeewdmwe A 2 <AL 00T P, LY
whive Joe enth e N, B A= A it B (0,)- 0, andk

%) Voe A VxeN. Vs:N>N. In ('P.t P P P OA)

8'6a T 'Sy (0 % '

(3% Vo lre A (Vx (B = () — u=17) o .




e et e e s

-{5-

22 Dl A WFRS WAk ML b ot dve
W Yeive W @ A\:’V\N\M > rd VIR
ook ﬁ(w ek e N sk wak we A Dlasd= o

23Dkl & weld: s wein Fendiare,

o WoRS Yoo thovk 0T WER L WAL tAwsaer
N w‘.\\k)«\&(wt/\wmme A v oM owme N,

X<W —> Hm(ﬁm\*ﬂ = Pv;“(m\\

Z_Q’le-/\-/v\;\x\l&’h. W e 0 WFRS » wth:Lm

{ ‘S’(Og;x‘.. xh\ = 050 (%) ... %x)
‘S’K“; Ny .. X\\ = T (0& Ohm,‘S'?(a\‘,'x\_..Mk)

wdae Do 2Oyt -+ Byen A o A\{«.wz)—v\,‘wr wndh \w
e won-zevs a € B s wl z, 0o -We € N,
§ (m(z,\%\__.vxg\ = SV %‘,..%k\ .

=]

(B V\WW‘--\'}V\VWL\'\}&, MQM \r:};,v:l\h—> NEVIRT Y
W A YN O AN Mt 00Oy - o b
mﬁ@x Mmm.%m‘wrw %QOM :
dnant o e A ke Aonk &(w W o oxr e N

WO ) = %\M\; Xy o WR)

Qune® | o ttoavite e diadd :rk MV\AW_\\;\‘X 0“\%\\,
™ MW\LJ\ M})V\we AR AT N Neke Seok
by somdhiion (60, e Sunvtuwennn, Weinaatia .
2.5 'D%W\}K\}w\ Rec &) daok, Vo &Nv\mnln.\ \lmr
n‘% NRTVP WS Wy v o \«\M\ \)(/\,WE_ AT o
Do Kavens oo ok Itk e ek
mw\'vw{.\"vw;t U T | QNN R IV i




-4k -

m& we W i Te Wowe oo, wow mm@k
AT WAV NNy Tnry, Wl A
L UNNMA T ﬁwxéma %@M\Q{ﬁ& ek e
v o e ol il wowg
(\Jk V\M&.\;\Q W\,\Mm el 9(41/\:\« ano b L TE
ok Yeta \(w&/»k Yok we sk Vo nde e o
wvw}‘?vvvtk/»?\uz\vx ot L waion u& VTW%WV\\(L
hwida

2.6 'Do.%wvw\'v\w\ Tve wk L1 u{ UWV\\\(D&!L Y\&L—WQX\;\\O\L\
¥ L “w WMM\.\ u\g/v\mnumk lmx\%u\mh:

de \% « =0 ,
o0 % = a4 =(5u§‘sh@ %w&vvw.\seﬂ
o & ‘wm‘kW\r\tXA'\m v Ninks O

‘i\i PRI MMWN ;I\VJD_\NNLt)\iI\Wkk-\kx

Wb e N lwh A, ek wvih,"d\=&wpuk:

'2.7'D{\IMV\A\_§/\M Tw LARAN {W\MQXI\;V\«J‘ v P, -
o L o MVN,J\ ™ %v\kwn _(%wa«fwxh&WB

P.0) = 0 |, Wlar=o T lompud =P

T\ \X“ AcQ w mm-wm,wmé\m
WW? ek 1 Prire {A 0,¥% P, v
wwn WFERS WO IMAAL $0 64 W\MMA (%) \w\o\s.

25 Reputanlofipn Thomum, Evteny WERS vl 4
VS MOW&(\\;\, Vo w wlak SL(AY = Jolwr : me A o{
0 wdaine mey o: A >0 w s AN

o(0a)= O , ol(wxt)s o(or+1 o(m\:sw(o(P:nu)ow.




e

47—
]

Py o WFEFRS A | Wt Wdl VI VXYY
L:ivefb&w ) muwx w Ve e Y““‘{\&\W"{“‘\
’QM% T e Dt Wy Ve Wt a*% \Q\mt)\lu/;.m: NQ ™.

P, (o FACN AR A U\ oL
BB BRmy .. . RRW BRI ... TR BRI,

AVANENAVANRNFAWAN

Foe WVJ‘N\‘AL VW MW\ M x).\sw M \P\M. W\W()

st A0 v 4-4 , wt.oo(wy = oy — w=d

Cove o= 0n & Yt o= 0 to o) =0 owth Waw - 0.

lane w=ol+gt b\nl/\\ o(a)= o(ay+ 4 = o(bY | 1o b=

ey net ooyt = oY+ W
oloy = s L) . By Wt vindn ik, wwm
appand Vo o = Bl wwe e \sa

o= L el w\.\m\)mﬁ% a4 o ()

VYY) u’()m.miu: \'X—J/\ olay = &MQ("(P:(A\)+13 = o(®) 30
\ | SEVRNI AP Op v @ taaactloe bt
etk Wawu o TV - m‘a(o"?:(lr\*-\\ M
N&W\N\—W\s Q\‘(‘V\MO\/\M\% Rre vy %,
0Py +1 = oV () A ik “E:(“\”?:(b)
So ?:(M=?:(b\ XM'B Bt vv\o)\\MkW\.\ -
Wpecthtann npedh Yo ey Thin,
u:\i\: %Mms ‘vwvw:)\kvxmv& M(*k\.




-18 -

Tt oo S W \‘Xm\k J\HIAM/N e
u\.qu\:/\}w/n\u)\ )\M}‘ e N @ X)“‘;’; Gk

P, o) = o (Bhw)

TV 0wt el Wewre v ﬂ‘ n= Oq ox a= a4 4
P K %u\hvwo C\A;V\/t)d\,k ‘\V\W\ v MM\—W“ c{)O.
OWrrvasr we Wi sl = s (o (Blay+ 1) | o

Polo) = P (o) s 1) = o(¥w) o

Nolw Thwe Qew%u\f(vxk&w Themew W wo Wk
ok ‘Q'VV“\)WT}\L o Pt i Unevaknts we
W 3\/\.\&1&\:& W ok, o \r\i‘v\u%w\& we W wiedk
waikt Q.

Q_}V'ﬂ\‘ we vk v @ %\e&%}&“bwvi
W ke B ns opd D .22, wmak S
wne & v withix O V\m muuw W, Y
any = twp o, v\r&«.t/we o, = o(?:(u\+ﬁ1) o ek

e —> A (B oy 1 = ’P\,:(ox\\.

T\Mm

n W —> T (oA, = P\;‘(w‘m,\\.

2.9 D Vm)cm N w-uwmxmn w ok Ve
e JSewkweed - N “ondr - e ok &
Yt S;QN"W\ N = &\)i{:‘ »:T\EW ﬁ(w oMﬁl _V;KN,

-

ey —> 3w (N2 BTN
T\r\l.%-l)(d“\\m %-VNJM\NA)\ M-WO\L W M\‘AD.S

l.ﬂO'D(\)M‘CW\\ Foe WX\ ke O andh Wy € N‘Sek
alA = 1R, BB, ..., Py=0%.




|

i g U hihirilion of, b ikt saner oot

} 0D we Mowe Q{W YN R N,
| OB} = ¢ | avtDxd= alxdo i, supa,bd= b
‘ 1A Do . Lok < duneke Ve s -Vowe yppurkind

‘ WM%WQ.\AM pKO , p<u+1‘»’§%(;;o(,
J N B <SP, \{7\‘ R %w&w‘a, ,
! Foe Wv\k\»%wl xe ) Lk <, dunoke Y vtdiidhion .
t o of < % 1p: pexi,

212 Lovwaasn. For tmde o € ©F Wt e

D o<W _ u‘LY_X'_\Co(Y_\g.\

2) B —_—> be UNu[ﬂ.

R

Haivvuw <4 W w Mu—v\ﬂ}\l/rv\gg& with LotKom O owdh
\‘,+1$d\ \MQ;W\\W "540(, '

§ e————— o e .

& We N vtk 23 Oseen oy '
e Tt e ey b
j T& k= MMM&&W%\NM.I{S&=WHM
R VVY SE S 5 U o NVIR EUC WG SV VY vR
\\NWUM Weldo Joe d' | g0 we oot ol W
1\;W\.\Q\ )(w 2\ m\{\{w\wu p <« AN Q/—\\'Lu P(ut’
NEVVURVS WY pe o &(w&mm LN =Rl
Whdawer e vave |, weehowe pe o ) Comc
U“ T LM A Pt Jz(vrbw:).\m g D = oL
o\ &“’B e walimare e ss , Ry € L) W&I\chv&)
anm ek Mm ALY = o [) @ o Dyl & kD
Foc 2) e bt <ok Thim B2 K< oy, tovet R

o M et WS \\VWUW | w\exx&}\u}\ Vot
we Wt P& sl IQ(W tovne > R, W peald,

——
———— e




-20-

To Jeoms Yok <u o 0w ovdhin | A0 vnawins o
Mt e . We Vansny mﬁmva/\\\k\v\k < WM%MM
MWﬂWWM“Mw\Mme
u‘Q\WLOLGQ,gm W‘LU\:\X WQ.L\LQLKWV& <« W
w L W\}\UM&\OK,CQ.V\\A?\\& i R.¥ <a
we Ve Wik §5-<Xw[’>=¥w2<<(b.@vxk%
Po¥ <o B Ay O o 2> Ut % tew e N
sk ok p.¥ € d[%l.mvwl% &[X'_\hu%l{m'\\z
Iwwwve W\L-WE}W‘M‘/\ANQP‘\ <4t

0=PFey < Prleay < . L L < B < P

59 \k\y#x me\m{n < Aa oW .

T\\w:.&m <4 W ®n M-V\n}\w V\r&wvuw\r de O
OMM 0 v Ju LoXtow ot thkk{)%«x
Pt pe soe & Dx] vk Ve cv\hzswm\‘i}vw M
“inppen - deevomne VI*%\V\N, tM,%ww)&/w crlv‘?x~ “
Yadare W Rovet X“Wk droane b FRCIRVIE T
VYN W WY ¢ pr12 .. < ¥ X 0(.\—\‘&/\\&\7,<o(—>v,+1$¢u

Rowmorek T ndrrane M \m\\(uw’(w»& Yo comant
Xk dhws ank O° u'/\.\v,&la ok apan e - nvawnads
% wlay VV\)\UW.\AQ\(\ <y W w,mkwf\mu cr%cmm\wk o
stk- Bamedie v 0<1<2< . <R<pri< . <,
T wWUGm. oo By, IR KM\M:
el PR NI [
MVW\)@W w - Ubovdi lzrwx W Qr\%\ru,w-
=t . N \,ﬁw&wi)c‘:m& N = aph, < o
Covnts tW\Q¥QA wah. o J)vak N q—!b to - colluch
%NV\«‘)\,W‘N\IN\, ol o3 w)\wwxiwo\mv& W k-

te. Ne < ANy < Mo < Lo LA N, < L. <N,
Eroveagde + ALE N= taghan wiiiie Nz st owedh N= tp N,
wlive N, =242 NN VW‘(VWhN‘-VUW\\WQ.L\:: Rk m\ew




Y

243 Dedovndiont, For vaddn e o, xeuwe N, s:N=N,

N Grd(x\ AZe "4: a[xl = ook w . P,:(o(\ = 0

)

[}

L"‘Qs \n)vlm\k% WW% TK P V\WW\%NN’) Lies
WW\_\M v‘.\\&r \aN, V\WW\XNNJ‘ )J./w Y v \%
2) (‘x (Cx \ = \:LQ %’\}V\,\:\-L ‘N\V\“; Q(YVV\\ ’V\WYVJN/WJ i-l«i./)d-x&v\.\v
R & (0 PR ENRIVN WIS 7V VR G‘ok("k\,
OXJMW LW\Q \7\1~L \MAJJ, .
Gogl o (Y = Grplv
W‘LLN, WeoaDA wn ok dmk m:&x(x\
W H D6 = % ondh doe oM #0

H, (30> = $™*' (50

b

whing e B Aeaet sl Hlak
\DS“(u\‘DS““(x) .o P (\) P (*\: 0 :

© T8Ny Sy
24 T Dtk Lt Pvdawvee.

®

- ¢
s

B T ()

>

& = Lim Gy

>

[ EQ%PM|R (F)

AN

N ‘P\a‘Pu-\?n (?‘ =0
= HP(S“‘-‘)(I)‘1 L




-2~

245 Lvovwa, The fomdkion G ok fandionad
xv\Kﬁx\mS v %uv\io«m}v\% LU R ot e
1 A= &w‘) \x .
G,(x> = 0

N &“1 (7‘\ = &*('K\'\' 1 , &)(x\ = Gr\,,("'\~

Hde = %

Hea (00 2 H (s, K (9060 = Hy (969,
T)YVN'Q“\NWW\LAN‘\.\Q. —V(vvw\ . Mvw&'wv\g aJoomne .

216 Avilhoendlie o ©F .

AM\)&W «+ 0 = o
oA + (‘5-»«\ = (dm—‘;\‘*\
® o+ N =t le N
Thwaon G"@‘(%\z (‘x‘(xﬁi» Gr(,(x\ N H‘“?(S) = |—(&(5§o HE(S\'

Mulkpdicaion £.0 = 0
(\aw\r'\,&uk *x #+ 0), o(.(Q,u\ T Ao+ o

ko Nz e (6N

Then G‘«.@,("\’ ﬁ"(u\.Gt?(XS : Ha.(a(“: HF(H“(ss)

Ex o v oo = A
(?M‘\:C)\M}\ o$0,1). A
= tap (™)

G (¢ )
Thow & 00 = Gt H = H )
o«

&

W = m‘:(xn\ w-\\m adz 044 44
al . 'y . w

Tw %\I\N&k {m € = twp (0,07 0% .. )

The et vk




AL O

We vk Yain \j,\y\,\ﬁhv Wl svene X;Mm. g *{Mu/:w .'?}V\"J«.

W\Aw\'\'w\:\% WA AT W WFRS': A O
247 Ddaovdliion. T{ xe Q & onk Wk A= ipp<ad

mg o WFREL (Wit Ve Jrundoed ‘qvwc)\nuuuqlpﬂ\
UM O‘K‘kl/\,\ C)\i/kcrkl. Recta) W\A_b,q&l )\,w\ Ree ()

24% Luvwwaan vaxg\wu_ de Q) w wwh ek uwmg §
g O R PN, <& o " Wvﬂ(x“w)

TV —“{w Winwy @ <
1) C‘-F e Rec )
2} se Recy —> Hylsre Rec (o) .

/\)\'__V_b_‘&. ch,.Wv\\{ \-\GKS) ne :)\drwhh XW\Q\*« WMK

"N - NNAWVA WL

1) (t, (= = 0
Gt‘; (=) = &le(’x\ A
) H (D (0 %

H%(ss (xy = H“;(p(“ (=) a

Note Yol H W ogd n W\t | 2o &k
codeh Moy Yo ik Jomy Yoo sk Lo
2y N‘\__;_\i_{ p+0 do Pr=Rlp; x = 500 o_(L .

Nk whar Y W&Mu MM Qx@ otk \-\(,= Hﬁ(im\
(:E(s(*\ : &wcce&alp(x\ . H(‘()(\ = HPx(p\o 3w ()
T W\WMLL oy X %mk NTTWARS Vo K QD TW SN
%ka K dove o 3kt Made Wlinalig wode
YR ITN WU\W s(m W\n'\!\X\M U‘& \Adoé\\m}l/\%u




-y

X(w«m o WERS wite we
\N»Wf wamt\w\ \rbwq\r&kw\

oy © Rec (A M

249 Levwwmo . T AcQ
Yin. Rec ™) “ dﬁ

‘P:(_vﬂ S’“\"Q““ \\\AM\N\M}\M N %
WMMWWW‘.

hio,») = Obg(w\

W (zad 20 = Ux‘(z » k('l «))

Pt SN N — N By LWL TR -

$(0;2 %) = %.(x)
flasz.x) = Hg220 R 0,0
dar o, (z-1.x, §(0, (210,

?\rxﬂw%d\ z MV\M\W'\) (=) = 2-1, N R
‘wm,\mb Jim. ™ T ‘d&\u\k
S—(‘L z,n) = \f\(z.,x\ .
Paellngy &= W m»\wkm% Yok B () =24 MM
\W‘&(m—m 2 ne N
Sy . x = W (2,2 .
Mm W e Ree B G W e N a
s MVuE\»&R

‘L'LQ T, FOr AUty
M Ak et RS 0

w m g€ Q)
M\LJ\ lwh NN %\N\«J\-NV\ Mwml . REc (e t),
0% Le,t = WO Y wintve = Xeatbw . RGLW.
MQ e Qecu RPN cw‘vxxu\.} V9 M\% ko

SQVNE &(w Wy 7, Geg N = %x(x\ 2 W - a3




25—
83 wammmvkoa Tdonalime ?ﬂm%& b Qeunbannt, _

To wstees Yt rmpakiimead cowe A W CRCWS tvin
NV&\MAM W “WY\\F\);V:\XA* X &M%MLZKJ&A dv;% v‘v\«\m ugwo\e
EXTIVVN S VOHIRY VRRVON (IO VN R T w o, el ¢ :
Tworve Dhoaddh Mm Mmﬁ oo\AM Qs ‘«:
i{w VL IAMMANTy ) WW\\JLM\M c/‘\ wcﬁ:&/\m 9
Thoet v 4 - & oot boede W Grealzen | wina dinddogeed
)@% Ldainkke | Y )M\"‘N\vak P Vite 5 sk K
wmﬂh@uww%wiwmwwﬁWthhvm%

Swermte Wt howe w av sl
&(V\\Sv\(::\}m AL, Ay mﬁw -.

A
—””////" ‘\5\\\\‘~\\

A AGY ™ A1)

LN
?&mwd kW o bl vinpona o

ALY |, A1) . A
/c'w\ - /u\
A(0)Y A= AKrY AWM AW =A@

S\

A A AW
whive eadh Any Wy W vaked Cukr

L IR




—26-

Thaedore we coadelh Dimmne Pt eahuakine sty
\(NW&M Wt Gt \(w.\()wvu}\ e aMow wn m%w&

ALY
a(0) A1) AY . A

How W W Pt vaetviavng ey 8lze etk c,w»f.lu‘h%
d% Yt etamdBaney wJ\]va \»vw\?r 2
Ry Waingy Wt - vl To vepwnnt e - s !

Tt doove vt W cedliadk \7\& w - vk andh Bl “roven -
vl Lghire. we owe odoradk Vo ddpive - cadhusk

w; Prohelia -

2.4 Ddornin of - Aithmnalin( Buckhdz).
We ot W\'/\) t\l.%*/w. WM\%,%V\O‘W%WN\
&~ Lrovm el WMW F T sl ge O
Twe %«M‘ﬁ wks w\) T MV\W\/\(’)\W\M}C@K\\V\A(
WM\M&MM&XNMMM Aot N\)?A w81,
?/rtu,‘\)i Ik o i W\\MV\K&,O\RW\"XE N™ -
MW"“;\""X %x mw\v&wm\& WA~ WMWW
LW“"X"‘W’XQ’ . W‘YX« WL o e dstvaw 0e N
IVIE MRV TRIR V1 WWY’;"V};\ N W da etk wndir dwee
TW e w-vade Q(wvv\,\v&o&uk W vthe & w o
Sk k. noovqrente droth. Traakion and, Vosouli
T vttt Yok we vl e lwngw wek Lo
- tarhdie kaw\v\lm von Lo Vinty %-N\u vaiodode . AM
T FPPRIREUN PR BRFOWA o | M-Mw w otk
WOWy WAMWON wnk bk Juhiemde o et e
Y Rw 2 — we Kk P Atk i, Rude




-7~

Bt M T A whaee & @ oy Yot otak
(omawy, % # 0) a\tanie %w:v\m ‘ng P

T 0eNT

T "mé¢ N "we N %M“MWM.
Loojisal veodt
(T e T and TR
O N CN T SR R AR
(B F e A T AW seee nwesnal,
Caty 'p “{r V.20 o T, C
oot FUT Vo) W HT A dec v o
Novade W' 1 de N JOHFT e N

%&MM{% "}F \% \—Q'F' W‘Q:W!@C&[h]

etk R = vaox §28 U §2me md N w7t

QN\\NAXWV\\ ., G\N. Qt‘;\"mu ©n m%"méf\l‘
YEFAIETY S URVEE'N n Vn
()w‘rmmﬁ/v W T fXZ %\,I[uw:;g\_v& We l-k\mvkkm
\AN\'.xb, _ .
weN w,eN, . wmeN 1,
dnakindd o,
= wd N v, d N, d NG T




-2§-

2.2 Ddowdimn Foe By ﬁ(ww»\v&k (AN UQQ W@‘&/\mtw,
L A ke Y dovwendae connaliewdkeel i ta tome
W, | ok Wtk o\j\hwt' v wdolinzel o N,
Lo VB0 W wuplowtd My Voo (eéN v R0 ol
ARGy \N)(A-LWA)\ ll*'v\ A (e N & BV .

3% (‘.m@h\bku’\'\\m. Foc weng G Tk
A cr\ﬁme\}.\w\Lkm Dave W o o € OF vtk Sk
‘_d F\N

Aol . B A 2 AY G o atlew

A= B8, Pt W\Lv-\ Ro ne B, w VWt | gy \w\\7\m

TR VRS WVl W\Mm Wt ¢ Q' umh Yok
htx \-—‘SB: we FPRY L T duee —\wx\‘kt N -t
w8 AN

Az R onl, s Y Lotk &, wmed R, WW\N\A:\L,NMW

S Wapgeihntaia W Vi By, py € Stk teak
RN el PRy

Noke Yok doe amy ¥,8 ¢ ©F, 5T Gl 276 T

D o = swp &y e 0 wume Ro = Bort , o= o+ Bot

ek K, 2 Rt Than poe a2l ok doepie s 2]

So Joey W et nine vde oned U odsove woke |

| RS ek B

Tevdgve g e nownde T RN

Az A Bl ‘wa )(wmw.v\ , B me go')fw\

Yt vdwn i, o hetans wae \owe o pe OF

sah. Yk P % | By Y Novwde |, HPe N




-29-

danck M S VORURRVAIAL 'Y vV VR il 1 Thw
PN ' VRV '
= wneN A RV
etk &M\\AN, -l . Wik W M\'AAUM%WV\,
8 Aoc(ce NN BNGo)
Ce. =AM wedne o = prasa

Az VBt Ym ST AN CYC SRRV ANV H Y
@: e - \(WX(%:IAWA we \Wiae ‘50“5‘,%1‘"':‘3;
M \0\/\0\‘\{ &(V\r Wm , \"%“ %N(V\\. Henw M\?ll\l.
V_W\L,, \—e“H wé N v R xY) . Now «:\L{.’VN A= &M‘Jo(,le.Qs
\I\A,\l/w. Lo = Rt ok Rpyy = Rt (o 1. Tww \M.M..OA
O weke” wdrowe we o, Wy W
" wé N v RY0w Ay € & [3n]

T\,\w‘.l“m M Y mcww“wlw\n}wvw\b, Q\{M U

\"d wé N v %N(v\\ ,
stk Feane dy e wvede |

UV (g Ny RN ()
M W'o\f"”w}\ _ o

Rvmonck Tt wnvemgnedince  Atwat —> dae @
wwalrewaXiak ucww)w\,\ok To Y oidumcs we \owne &(w
Ml dosnog St "t - ddvnlind o B T
SN Yo toviiat | B veove Mwmwu%
o owdte tionk Ko Foe tnonvade whiak waoe e
W mews whimakt dy AR W o e ) PAR

(qr EWMMMT\AWW. T 7, wad M\;m&&u
N AN ., B R ‘c)N/wow\ u‘QO 125 \fo/\.\ %&1‘(‘ KCNY\LW\‘LVM
] fneth V\”. RAYTR O BUARY - N,

' WeN, . onee N F Y ae)
(Suﬁ\AWzTWO\W\, . ' o




-30-

2.5 Defindion A 2~ Joevandes ia oet o G Jovem
S S TV (xeNA...Axe NA D)

\N&l\l/\n D w M\lk we &(Y‘M \TU‘N"C(IML: My, oo Mgy enn

ek Y \Q’W\QM-JC\M,\&A\ i KLY

3.6 Ddondion A Jwesdh 51 Jvwendae w i be
Mo Vet ok w wdire it foeme soedernd nwdir
4ok w v whum N v wliepedu m\*&%/w'&

fnr2ncwmi. A uk ¥V u’{ t,w)\z:q-)%c‘\"wmlm
\ Rmm’\%/\uwm\% WV\.V\QUV\.LHQ‘JQ
vl t i Ve wk w

Nole w < w ok ¥ W ok v —> V7 Ve oX '

2.7 KMA&%T\/\W (Ruddaed2)
Saplptas Kok 77w w1k v* Juo taad Z?‘-lew
etk

weN, ... wn.eN Y
wlawe o3 U*k e k- %WW\\AM Conevrdved
WY \QNW\) e IpY
T \N&kM R o= oo (2,200, ne) vt e

7 U W b \-\T(gwcc\(h\ :

M For shokhamd we wilk ke G J{I\N\.\J,xw
H o« (earee) M Wy o Pl b 245,216 we houre

W h 6o = x| \'\dﬁ(x\ = \r\&o \r\&(x\ , \\x(x\= \(\Xx(x\.

Vovass yvv L s ddinsy, W seodi- o - o .
o e e e
WMT\WWWWW\W (3 = (3) nnth 0
e veordd stipenraiduy u\%\lw\‘Xwavkw WW\JL’Q.




- ————— e e ——

-39 -

Pevsaeh Q\m}) VW\QXM'»\ YA \3\* Wi e ANARIEN T

o, Ve o “
weN, ... nee N T

L S VA LU (: YVVO R VU VIRV 2V G V0 sw\o-

wu&\'m&h\ Wk W\ (R vl olwes & .

roomat s T Vo, (DD bl = et wlwee
W\, .-. ¢ €N ‘___@\-ro Do ok WM. v e N F—eﬂﬂm

S NS RGIRT WWIRRVIV VWS "W \wgpotbntada Lot Ty D,

ok V5 Dy wive ATV - \\(5(\{\_'\-\%.\0. AR

w Wwa wk \“?’(\R\ otk Y e adan wk g (&)

JUTEVINLV V] \(\(,,(\L\ < \r\(,.,o \-\\&(\z\ = W () &M%NMA

{2y \(\% W ﬂ:\?wiz\'i\ "mwv.wu‘\m%.

1}

V- AL Y W\XM W e N-toad |
AV

d-onid % =1, 37«.(7(6NA RGO) W\-\CL d\=“;+4 wlw

X(w\r 1L v ok, W ,

W, ...ee N ST e NA R(wm)
Bt ity Wt e dwion Wvgpehataia L Ty wmeN A Bl
w . wk e Led deeth Wrantr sdap ok g le) e whowe,

TwGw V\/\KN\U\X/LMA\XQ \N\r\‘(\X\M etk T A lee NOA B60)
= 7w W ok (kY

Lok Uit + Swpo bl 4= pet vk A o o E7 k-

%v\w\;\v\&.&k C = 3z, ... Azs (zieNA .. AZge NAD)

e NF T 20 aped Mune €N HTTTC

New 70 = Vz, ... st(z,¢Nv...v_z;¢NV 7D) M\J\
5T V2 R m‘x.\m WL L (YO ,\(wwbm,

TM@N i(w odh v, oo me e N owe e




-3~

" ...wne.eN &—e\",m\4Nv...vms¢Nv7D

FE R B, it PR, LR, e Daindove
W .. nce N w .. .wse N ~*r ..
H et L«v\ V. WMM e cr’d«\h-m

o6 V.40 v W A \r\(,,(mmx(k ’5m.. J2wg))
(\“A,Nil\ \7\»&. v S \wwoh\«\tws olaw o e
SAAN \rw/w\vu d‘k Yoo X wee oA Xown

(NS

‘d«lﬁn L \\vwviN/N W, L. WAy w \;L.L
AT crko Ywmy, ... deag W < \\Pm\ w»\ck
Exy I ') 'v, War ok Wo (RY.

T\\m\tkm &(w v NP M\N\lm N crg
owe | St \r\‘;(\l\ < hpo s helR) = Wy (k\

D v Bwu wb by (k)

W\«\d\ &(‘(V‘N\ () TVl eawmx (Yl gy, 2wg) < \\ (v)

7D w hwe ok o \r\(\z\ \r\(h\

T ww}\\k\ov'& Yol 7D wwk\”7b U e
Yo ab glh) w \"JVu.,U“ Tk (B
wwo\/wmuk.

W WAL Mw\m\hwvwmkkuemfwhmw
X vw\/vw\u-w; Pee V- ovww»&Jsm VS VATV TN
ww\w\mz «%va\

N- omed - J“r' M fwete N ad s prt bt

V\fe'\' \-‘r' "wme N~

\-)‘\M\Lw WMM\«W\&\(}X)«W .,,w\eN v
W:A)t\f\r,(h\ Sou\hfvwmmkk(u\ ™

uerwaVm‘va&\f\(\z\MMumk\r\(h\

oc Qb “me N° wwmk\\kk\mwwvum\mm
3m<\r\(k\

Wonmte 3(mat) < h (k) ok e T oo

Ttk () o0 vegmired | The pvvrd Beak S by




-2~

{ wnlls Twaad < ka(k\ s et et o %cruovwx_
: ﬁWkap#O.FMw\wu(;ﬂ,xd*)ﬁu&
¢ 2w < Mgk 2 a2 amedk (0N n @ N LT me N
: T M‘ww\.ﬂ“ k=2 Yun ., Gl W ot M}»LQMUL
‘ Voo oot wlhome To ok W ok g(ey, Ve anbiy
M\XM\A \')V\V\k, W\.=0.I%k¥l Yn, R ok e
l vgmm\)\ghd%%_l?l)«%\mww,m\u B < Ry 2wt
ik Wine 2w < \210/\6’\. (NPT 3m+’s<k+h=\'\l("a)v
! Nows bwpptrsd g+ 1. Thin an oy edundhion on g
‘ o e hg () 2 () = ke e ok Samdyove
Lo < '\r\‘skh\ \}‘(\\\(A.&.\.l/] TIwrd L hr)o kp(k\= \AP“(\Q\'

%Sm\.v\&%wg&&: VPP L e e N o e
e alhl. Thim wy Yo edinddon o eddtnda | T
v Ve ok g (k) TMM M Vo ol (k)
Setromnns ol prupundig 9 ped Ikl — Wy (0 < W (g

|
‘ Tha ooyt AW o WAt (2 (3 MM\N\M)\ W Y
: U&m"\M ,&U‘\l&w m %U\\Xm\l\%

2% Lavewnin bak s:N—> N e ﬁ\MW%&M\\o&QO.
Twun foe sty & e O Wit Wowe

@ A6y W Mwwmw%

() (se & > HG(S\(X\ < HM(S\(x\,

- —

M We dattde () wndh (3) MVMWNVMLA X ka B
il v & I\‘ %:0 Ytwe 1 V\M\M\%W tho |
D W8y = {,e)\L\A\A)C\.& o~k 0D = *l) Nk Swiggoce
gz el T By = Wy (s )k(w S ze N
to N H () v ﬂﬁw\kivh VL\UNM&\\QS e ook

Wy omd s awve | s (230 pewbxl= ¥xlv st
Batan R (9300 € W08 < H (99 G00) = H (900,

—— ——
—— . .

-—



-3l —

F\}\,\v&hx LA EE R = S X, € o T YVt (23
MG L vy < z . T\ H‘(s\(\\ = Hd\.‘(g\("@ Wv\o\\lw}s
Wt Wi din \MYQ oxhntiin N(’M Vo Ky Wt \n e
\-\&%(SB(V&\ < F\Mm(s\(zm Buk oy € alzl = o, 121 30
’\m’}; (* SRRV VYUY Wyl \W\&Qm N()\kllxuk\m Ly VWAL
Woe H (00 < B 002y = H @0 Thedove
H, G AR E amd W0 4 x)"mkhhiy\mw%
Fov \Qow{ () el Yenk % e kY = o, B we
U o\‘)M Ve Wedir St \(wa Miww, WL M\'&*A
Yo oy N ovihine Vo ot Hald 6 < B (968 = H (96da

Neote Thwe QUNN\,\Q)\\;\\D/A TN Wik \,M {M\AJ&%!
\r\GB = Hz("(WU\

2o v Ty m\)\Jp\ (3\%‘(*\;’\\\3
we ek Wee Whﬁvmhwwm : ‘5

(seet[k'l — 2P 2" [k]
Teor n wmaibig, etk Loy ki, o o

3.9 wauww\ W EUWMO\-V.\\OA’Y\(\QM%W\.

'.Uvm Mo on Ve N.ye N. R Gow) \A\(wv\yo\m
w - A t\;t XM:X mn od- Lrovundidk VV\/‘% WA
RYLRVS N 1} QMk‘KV\W\«\V\LM AL Z,N\‘)NN X w
ki oy 2 Johin Ll Sy

Hz.( (ewee) o Kn) = waox (2 ,3n) |

’M. Fueown H Vo (acd N v 3%(\»35 N A R(ﬁ,\@ﬂ W
Akovinn | Ay v oaminesy Yo aned v X

awe N 2 3\%(\@?\1:\ R w)) )(wemm .
So M‘O\N @W\}V\DA—\-\'\M‘N/M , Av(w\rwvwxvx
W o ue < Hg (e (K sdks Yok R, WD a




235~

Quaaliion Wik do we o 1 Y tpoidiendion prol
WAL, VOt ww\v‘:ﬁ\bu vk - J\;v{ow\,\vlwuﬁg«%\m Z:l. R

Bnaamnes Ve o Guk - EMvivedim Twisone Vo WL%M
WMW‘O@MW&'\W o aee ol =Y Thwe b &
P Wy \n AR WA ,w\wwuhk e (Jaealzed) Q/n\gvv\wrv}\j

340 Cuk-Elovwwmalion Themtw (kewlzom,....)

’Dd“ku etk -\ da V*%m Mw e Yo Lk

:&\‘,\7\% &xmokﬂ«e oy W ok -%WVW\V\XM wour e ;
v At (a2 0, Jovod (AnR) = dus W (6w

= ek ( M%‘VK(N,M@& () +4 wwd h/w\‘vu V> R) =

Janodh (3xRY = AW (8Y + 1.

Twin, We e

O i wkovk ot —s FET wal w&-‘cw\_ﬂkc
wdve o' W LU Q/YL\(’W\J/\'XW\X T S U T
3 AN Q/W&“Uowwé, T_% LV N_'ﬂvxe N . R('x,vh\ w\\i
Qﬁ\‘m’\\(@ wmk -k ¢ Gane kW Qw‘w\)w&h M

Hd*(&’v\ct\oK wheae o= 2 o o

Porl Apply de Wk Ebowinaion, Thirvim T e
b Jrmanded v | ey, wdid W v
wha st wedwmadh W Lo, 20 T v\ﬂx)wb
3.0 ,Y\v\ﬁu\'\k\:\l,ww‘vwwb \)\\V\k HQ@'Q H c. )




_$‘-

§u. M%& ?w«rv\lr% Rt tive Ewndimmt,

A o M\XM)\.\ v el wQ\MAL w WW\\(;.AAWL
(smn) o TMo\vwv\ALM ™M \AA,\\AL WernenaniLs Aty whwe ;

<« L—_]P vtuh'“% kuux*
L1 T 1 T T 71 T T 1 | I
N pub . wockejpnee .

By, whiing wp Twwins waandont iadie & w odowsd
Wiy, W S VIV "a.hmun&wvw\* B vdudion -
TH (x,v‘\ & WW\\QMWW 0-\] ™M » \;V\Wt'l

TAVEIRA VIRV I vy Vaope - e
ek B "M&Mw\* vl - en Vel -
U () = wt\mk W e Tnpe ‘%Tm(w,\@.

Tvwa WMy NN MM%\XW vi a T.M
oad. Ak Une Aol Wold -

DV 3\% T O,

2y Tulbgw)y —> $6o = UM(":“};\-

Te e w ;M W/\ m“wm\(u.\ku&'wd QM{L—
Wi o ko
' Vx 3%31 (Tﬂ(x,v@ NZ= \)M(u,vb\\ .

b A Dibivalin §e seatElnY A Wtve 4 o Ty

waodive M wdial WV\(\‘(\MM/) ¥, ok (o) o

BT A\N\N\M kR swddh Benk B %Moé\holch:
Ve Ay < \r\o\\(x\._\_ﬂ(xv@ :

k2 Themtw. Foe Wy LA St § Dtnee
woawm e £ o Yok \\u\\=w&f\::\c)\

§e Seace (H, (owe))




-7~
R NVN w & MM\M'A B Tty waivthims
\:X(A‘ir;x wmwe&:\o W Ww\,\ 0&1\ \%»\LL—UALXQ(!/\‘ wJ“
izv\\(m\k s We v awae Yok oy W vawd&»& WAl
—ety D & s g o € O , dre ok
R = O AvAs . a1 (o&u\ W\MWMWM
A %M wx,\?v&t.oxu 10 Ve tak- ntorde ovorod
IO YRRV W, e, llall=w .Fme
\-\*QWc\(x\ = H““(%-M\cﬂ(x) = ch%’\(x\ = %A vélx\ g
W oy < H (wer oad Se soncE (Hawe), g

RenntveR . Q&‘V\.\wvg‘\ &(vvw\ ol W Wamae

RecuRsI\WWE = U LPRLE \-\*(s\wr,\
o e :
[ TUHENAY

Yo 3wy winy & wadiwl, Jiandin. o wJd
e v ke S,
\UMAW\OMMWMM
h\\gﬁumw & e O Mw“v%,m\ww
ot Wowre ol = 0 ) Thanve e ine preaiyg - v
(wﬁwka Ui, - N W) MI\TM &‘awﬂm
o) Wit Nall= & Xk e W u*%wkmlw
ch‘QVW‘U\ML wnir < WWV\V\M"NWV\LH ke,

Wiok e, vl l%}\?v\\minm ce O &(WV\JMAL

Recurtive = U seace (H, (mee))
oL <0

M‘cw‘v\nlmw«&r)\hwwm JAM | .
Wm)&}»\v& w&ww,/\/\tmi\ww,

H (o) wowdah e o St omaine »\{*N\QX\M \N-‘AMX\
dovainalls sl veowraitve fwntimt stk e ek |




~38-

We MMO\MX NNV W OALK DAL T Sl A
i\wwka ‘0\«\1.&».\«,}x T oy oYt it m&%wﬂgj&m o e~
sl o e ©F vl Yok

LV teece (Hy (smeey)
o < T

% M%\%NMA%Q&NWNMMS
whawid, st Py, S dadd o e iy
Wt hin g e Wt Patoviy, T
l\-.’b'Dt\]mw‘ Ken. ol w K der& \LUNFIIA
VNN MT%&M Vt:kwl.w\i"\'ww}v\\
vt ™M e Wty Ak

T b Voo A T bowd) o
Lk Peov. Rec (FY  dtaoky e das w&mﬁ{mn%&
MVM,}\WVW‘(\W w. T
T veork olrriows M\WMW& w PA .

b T eovem (Kl ,KMQ\\W% Mot )

Prov. ReCc.(PAY = Rec (&) = ‘HE SPACE (H,)

'R/__g_V% \J\wu,’“wb\v\u weake Ha Q‘vv H.,((jwu\.

RQ_M\*\“ £, = my(m,w“’,w“’, \

) Prov Ree (Pa) < \()Ewaczu-\a\ :
B ok o

Sapposr § W g wonremre W PR g Lol

th&:h wanhime M wdaitde ks ,vﬁt&ma,@

Lo Wntove o} PR Tl Pe Evlreddiveg Tow

20 Yare v w vt 4 etk e W - Al
R Ve N Bye N Ty ey




-139-

Twe PV Wi browndih wkveale g“.LN\CNW‘dW\Wk
20N Y RPUES VO VNS v VA V2P Mot v&\
V) W\M\Mm ME o Mﬁw )\rw\,\tﬁh

' Hd o K W&M/N o® oo"‘T < & .
Buk et wmat Mok § e seace (H o)

2y U seace (M) © REc (&)

<€y

IJV feseate (WY Y X(w et Maave %AN»«JGWA\Q
§w M\A\M *am\(ﬁwdv& ’\“’k

S = Uy (o, W (R Y
2wk Vum ondh Rk Lrodd, M Yo REC(EQN ,\AWMLM
e M\M\Q ok Wy e chce\ MLW&'LW
Twwedoee Fe Rec oy,

2) ReEC (ED & Prov. Rec (Pa):

%u\b\»e niace u.kv W B e, \(wwﬂm
WWW\HMMW\A MMWMW\W

crki IWM xk\Nwm\‘X\ \&st&b«v\ux@w«ﬁ
\PP\\M%&JQ

e e ey M BAAE Ve
v N V\ww\rm w. R .

re Yeene . Yok §: SR Rowe
afr,wmuf_w%mm

%
M\)\A,?\«\t Do A tr - O € PROV. Qe (€8) ’\"'A“

NRUAMNGA N

$loy =y = Mo (‘x\‘
Sy =) = Tewm (a\\ v\m : gvm
Noh\?\,\w\wo&<& MW MSMMM




- lo-

beat - ovdwomeks &, . &, Jrg o = e w0t et
The e ek we o gk vndh w<e, dng
wn W &, WV‘A\XN\}QA)\ Vo M WVVKV&%&LM% ™
Wmﬁw V‘% A . Fwe Fiiwnone Ve erNWle

(X ,%) ¥ Bl vl e WW\wa\',erL - vaw
CLUVWNLMARE Y %w\k ,

T\\wdlvm WL W \IVV\W\, Ve sdvtre N twizion
W Ty vetthome ™M ‘A‘k\p"‘.‘”’k W\\ew\ (L5 %) .
Thirn yvwamacy (USONRCY VAR S N P T W
O&wa\,\ﬁ s o \N\Mﬁ@\% VY (S v MMJ\\_
O%wirmally Pt v, W pvvmse Yo lm\‘ ot

W
— AN N WA N W N e W | e

TLE,AY= A A Vi;a (Vx A@‘F(p\ — A(\‘;\\ —>V§<a A(p

with A = Vzc_:_\\%TM(E,a-,\%\.

Thwe | & we v S Yk A ek u<€,wwk
My )‘V\VW\V\XM A, TI(E,AN wn N NV NQPP‘,
b\«w WAL W\/\XX Zovwe § = Sy 0 ) e Prov. Qec (08)

M%VV\A«M.

Fawk we Yok TI (&, 8N @ M v\vdﬁvwdv\tw\
of Y Ny, e e o, W ine | wdwi
v&:\mw Ik W o6

Rtk | woke Phnk \\) W U VIMN Cwakthe PR

@ TT(E A A TI(Y,AY —> TI ¥+’ A

adure NG tevne wppnneedo e Lnevanden depandig mf |
Vi e o v g &Wﬁ, w\,mf ,
Pt v il ﬂwwwimv%“wﬁﬁm

W\gw\"‘}v‘)‘}v%ax €o . Thtn v it X




— -

To s \N\‘Mk (%) \\o\tt)\& W W &‘N‘LL \:“UVNX‘\}\J(JC‘WW vd&“
e PR '
We wdh wair TI (I LAY )Z(w Ww m\()\wwwimb A
Vo yuane L
V(Z < ¥+ A (B

( TITY, N

QD A0y :

o Ve< ¥rod® [ Voo ALBE) — AD).

Cott o= 0: Fanen (1), LY wagh (WY v e Ay ;Q(m
SN ¢ <Y . Huuw )/wb(‘»tl\ NI YW NCARCSN LY
Thawa Ve < ¥+t A v NWW,J\.

N e i

(><X+w°‘” Y . ‘L<Xfcﬁ°‘.(n+\\ zQ(W_WW\L w . Hene Ve
wwxm& WAt W {Mm Jw We tov e
Ak % Q/V\AX\ we N,

V(g < ¥+ o (ax ) Alpy
Lok ein %0 v M SRV V\f\c)\AMXW\.\ N
Foe vz o X dvontvndn Yo Y WMWO 2
e k. Fw art K onetawnn Vo Vi < ¥+ Wt ALgy
M\Lw._ ¥ =¥+ won T WVW M b\"t \:»\QXV\QRM
\\W‘UWW; LN} \VCC\{\WLT WA e sl - wedhweom
\Wx\{vt) Wk o KXoy QXW\,\VX. ¥ owr ¥

ot d—> o+ 11 Aiave Yy X(w o Neke MJS

Lovet o= owpty s gt Ve e vkl op  ze N
No Uhok g < ¥+ o the B < ¥+ Jor
St Z S )vw\\‘ W vwedin tien Wn%a Q\X)@Wb\
o o, we adarew Nt AR Heu we bewe
Ve < ¥eu ARY  owd cw\w\&w\}l»\ w Unde tMAL
o wnwpda s W'Y\kv\" “H\y Thenewm . 0O




b

Thvene b, X\Mk e v wleedy \«\Qﬂ‘w\d‘kwvjé M&Lﬁ
TP A
Prov REC (B = REC () = U Seace (H,)

d< T

o Uvan Uk ivank W vvth e L\b\)\.&;& N m\%u\k

‘(*W\lk— Yeaovdie ww\l\»@.ia cr% D wppie- Jreawnd T O
Bt “pronahls sedincals® o W sgione Sty

b, 5 Exw‘m‘(khﬁ

>
>

(T -cAy, \ ng,éG,,!

1D, . »
A . \ / o He,
TH-Inp. & \ / o H

Z:'IV,D. L \ / H w

Tw WAL wie \JN« “N‘NV\V\\O\X\W\ &X,V\.\M\\ﬂmk ‘Q(w Hq IV
Yo (MWL\VW\J\XL Wk thiow wp Vo o) xgg;)&
(LNWM w T (o Hﬂ.‘ Aowweanto o Thee




kY-

QW‘W\W\J& Fox \%{\LEWOM‘ \X\U\M‘.u U\«\A\JC\\YKA}\ W &5,
le P s ww i § m‘% SR S Ybive o o iw\w.a{«\i\;u«k‘,\
Yy \%\Q‘w\(hbw-\»i\e O W Wwwwwc,\w\,\o% RECisy
Joviiis |, whotl Yo wnk Vo Ae ﬁ& toved vwlbwiad |
Tw \W\k Wi W ire

i Peov.Ree (3°5-Tnp) = U Seace (W,) = ReEc(w.wd

o< ™

2) Prov. Ree (TH-Ta) = U teace (M) = Reclw.w™)

A<

T vk W Wy \71: {wwvxlu\)u R \dc\k@mx\;«c

N VNANAA

Mo, Rec - Wkt oedh EPAQE-W\(»\WM
W vxﬁ/wwvxl IV WG ¢ (‘\/w vx\pm\rv&mb. [&\ :

Rec (w.%\ = U jeace (H) .
o < W
™% Mt«(ﬁ wr e T Vae et ueaniee \7wv§w\~v:-
wQA\)\Lmvgcvw“ \NW\!\LNW"W\V\R\W mardwitel w1

i b Dakindion. Wiiie (0 daokts Ve davas o
e otoede foron s ol o
Ve ¢ Jeadk Wy -Q(\mv\\ Vit %\J‘“‘N\N’v\,% ety

p\&‘cic‘\m\w\,\k "x = 0&1\4% (e
Cpdlimed "I Ao Yom o das B

&&MWM&N)\’W\\ o v 4
Wh e J\w\) "(s-.:y 5 w&&);.?#\) ch@::'?x(@; P od”

A(YNWW% ¥ < oA




-l -

.7 Thooetwe (Tudo vaet ,'Fv\'w\lwugt \q%q)
P Yhank ?Y:¥<M i’ﬂxidq% ko  Arouse
Uit stk we  Qoame wnke ndhehdien” wndh
" Mwwvv\ ARTRN et it W\{WAJ/»&M‘\)RQ, we e,

Ree (w.pd = U seace () = white (wf)

u<m°

N Fanak Tapps tL §e REt (.Y | tawn LR 1CEIUA)
whire $@s. W it Iy U Te a2l
R, & < AN -'\-w\\(x)&vmk Yt o, e
VxE\tTN(R,x,vX\
Yoy, Wimadvndse wndan i, wp Yo o T g
e W wadue e e w- A e stk Mag
rdwind ok wild Jee (e \m\[\/\m)\\hzm
@w‘cb\»@ Y.AI\)C—\(WV\\RVV";M&N.I hmib;o\
- %wwv&/u Wt gty . Bvy Uk - £l en
we Y. Yt olikomi. Wit Z:‘- s
TN SRRV VYR [ FRVIVIAR RRVVEY ) G TR DNV WY
e 2% Bwny WUW 19w Mm \owve

Rk d < w.y .Q(WSWN, X< B, R0 \Mm
\"\2* < \’\luo_x £ Hwy ‘h
.\‘wﬁe:wv.“w “S\W\.\M\\.@W‘CWN
&N\,\u\m 3L Y we’ \\\MN\\S\—\NY,QOML%
W, < HoeH = H, < H
2 & W' W

1
w)'+

Huwew §Se¢ SPP\QE(meu\ et oM < oog, '

2y 1§ e teace (H) o a< wl Yhn &




o g -

o T r———

-k§-

dagnerdle empdiotduy H, Vo w& nkvim
vx'wm\ Aﬁwiuwtm ,QT;AX\,\:\:NM\Q V\E\.\E Hye WHILE ()
X veammee R W Vi :

oeds x40 I u::’\iit}\-, x‘.‘-‘-::‘\i(x\ ok

TMM £ e wWaine (% .

%) Fw»\)&v\ TP L fe wwiee (wfy ngxik.va _
ALY M n w&vh«f\/vwg &J\'wvbvw\w o\=(,\)Y<ooe,v
Witk k- P et P e kb At Pk
S € Qac,(w.?\ [V /\-\N‘«TX\N\\ \ijsv\l\ Yt \Ane
AT w{() TRy o Hows ik W
ww\x P o el . T WM W W\(NM/J(
~afion o Pl to vk e wp” B awek tper
e I e g ik T comps
V9 W‘S\nm\&mp &”’é (W\N\v\vl\k?\
H (s = Hp o (sd (55000
Mm TRV S
{ e seace (H 4D
e M § W Wtw- &)\%\&\v&rh M
H L 0ey (ST o\v\m WA Dy 216, Hwyﬁs? < ::\
Stk \-\w"\n\g\mk et A Q‘WV\KW'.
H (6o = o ().
Tandhove Rl ey c)u%\}\,\v\%h Joven 3 Yy w0.%-
CLAMEAN~ |, i.e ng(sv\ = Hg\(s‘,\ e Rec(w.p)
VAL ¥ < 6. Hoenmce v Wovse darwn Se Ree(uw.p

otk Btr tovnpdl e Ve e o} Yo pendy. m

Ravenede. Thwn (e Wv\k ~\LIW\M W\V\MV\M‘W&\
wi o - pvepetvent @ (akow Y o wvww\~v€/\&
TV V U SN W) M—WMM‘X‘W prvve
Wi o . , |




[1952]

[1953]

[1965]
(19e8]

[1970]

(1971]

[2972]

[1977]

f1977]

{19811

[1982]

[19831]

[1984]

[1984]

[1984]

{19851

References

G. Kreisel, On the interpretation of non-finitist proofs II, J. Symb.
Logic 17, 43-58.

A. Grzegorczyk, Some classes of recursive functions, Rozprawy Matem.
IV, Warsaw.

J.W. Robbin, Subrecursive hierarchies, Ph.D. Princeton.

W.W. Tait, Normal derivability in classical logic, in J. Barwise Ed.,
Springer Lecture Notes in Math. 72, 204-236.

S.S. Wainer, A classification of the ordinal recursive functions,
Archiv. f£f. math. Logik 13, 136-153.

H. schwichtenberg, Eine klassifikation der EO—rekursiven funktionen,
Zeit. £. math. Lagik 17, 61-74.

S$.S. Wainer, Ordinal recursion, and a refinement of the extended
Grzegorezyk hierarchy, J. Symb. Logic 37, 281-~292.

H. Schwichtenberq, Proof theory : some applications of cut-elimination
in J. Barwise Ed. Handbook of Mathematical Logic (N. Bolland, Amster-
dam) , 867-896.

J. Paris and L. Harrington, A mathematical incompleteness in Peano
arithmetic, ibid 1133-1142.

J. Ketonen and R, Solovay, Rapidly growing Ramsey functions,
Annals of Math. 113, 267-314.

L. Kirby and J. Paris, Accessible independence results for Peanc
arithmetic, Bull., London Math. Soc. 14, 2B5-293.

E.A. Cichon, A short proof of two recently discovered independence
results using recursion theoretic methods, Proc. Amer. Math. Soc.
87 (4), 704-706.

H.E. Rose, Subrecursion : functions and hierarchies, Oxford Logic
Guides 9, Oxford Univ. Press.

W. Buchholz, An independence result for (Hi - CA) + BI, Annals of

Pure and Applied Logic,to appear.

V.M. Abrusci, J.Y. Girard and J. van de Wiele, Some uses of dilators
in cggpinatorial problems I, II, Research reports in Math., University
of Siena. To be published.

W. Sieg, Fragments of Arithmetic, Annals of Pure and applied Logic
28, 33-71.

$.S. Wainer,

School of Mathematics,
Leeds University,
LEEDS LS2 9JT.




